ARTIGO ORIGINAL

MALE AGEING AND BONE MINERAL DODENSITY
IN A SAMPLE OF PORTUGUESE MEN

Raquel Lucas,” Cléudia Silva,” Lucia Costa,” Domingos Aratjo,”" Henrique Barros”

Abstract

Aim: In this study we aimed to estimate the preva-
lence of osteoporosis and to identify the factors as-
sociated with bone mineral density in Portuguese
men and to quantify age-related bone loss.
Participants and methods: We designed a cross-
sectional evaluation of 739 apparently healthy men
(20-82 years) recruited during general practice rou-
tine visits who volunteered for bone mineral den-
sity measurement. Men reporting secondary causes
for osteoporosis or using medication known to in-
terfere with bone metabolism were excluded (n=82).
Distal forearm bone mineral density was measured
using single X-ray absorptiometry (DTX 100, Holo-
gic) and information on demographic, anthropo-
metric, and behavioural aspects was recorded.
Results: Forearm bone mineral density decreased
significantly with age (r=-0.29, p<0.001) and was
higher in overweight men, and among those who
reported moderate or intense physical activity. The
prevalence of osteoporosis increased from 1.9%
at 40-49 years to 18.6% after 70 years (p<0.001). In-
creasing age was a risk factor and body mass index
was protective against the condition.

Conclusion: This study showed thatbone lossis an
important problem in ageing men in our country.

Keywords: Age; Bone Mineral Density; Men; Os-
teoporosis; Portugal

Resumo

Objectivos: Este trabalho teve como objectivos es-
timar a prevaléncia e identificar os factores associa-
dos a osteoporose numa amostra de homens por-
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tugueses e quantificar a perda de massa 6ssea re-
lacionada com a idade.

Métodos: Foi desenhada uma avaliagdo transversal
de 739 homens aparentemente saudaveis (Ambito
de idades: 20 - 82 anos) recrutados em Centros de
Satde portugueses e que voluntariamente procu-
raram realizar uma medicao da densidade mineral
6ssea. Foram excluidos os 82 individuos que refe-
riram causas de osteoporose secunddria, bem
como os medicados com fadrmacos que interferem
no metabolismo 6sseo. A densidade mineral 6ssea
no antebraco distal foi medida por absorciometria
radiolégica mono-foténica (DTX 100, Hologic) e foi
registada informacdo demogréfica, antropométri-
ca, comportamental e clinica.

Resultados: A densidade mineral 6ssea no antebra-
¢o diminuiu significativamente com o aumento da
idade (r=-0,29; p<0,001) e foi mais elevada nos ho-
mens com excesso de peso e nos que referiram
actividade fisica moderada ou intensa. A prevalén-
ciade osteoporose aumentou de 1,9% na classe eta-
ria dos 40 aos 49 anos para 18,6% a partir dos 70 anos
(p<0,001). A idade avancada foi factor de risco e o
excesso de peso factor protector na osteoporose.
Conclusao: O presente estudo indicou que a perda
de massa 6ssea é um problema importante associa-
do ao envelhecimento da populagdo masculina em
Portugal.

Palavras-chave: Densidade Mineral Ossea; Ho-
mens; Osteoporose; Portugal

Abbreviations

BMD - Bone mineral density
BMI - Body mass index
OR (95%CI) - Odds ratio (95% confidence interval)

Introduction

Female bone loss, osteoporosis and bone fractures
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are recognised as major public health problems in
the ageing population in Western societies.! Though
hip fractures in men account for one third of all hip
fractures and have a higher case fatality rate than
in women,? male osteoporosis has been a relatively
neglected disorder and a clear case definition is still
not consensual.! Over the last decade, the number
of studies examining the incidence of fractures, the
distribution of bone mineral density or lifestyle risk
factors associated with bone loss in men has in-
creased.*¢ Recently, the international MrOS study
indicated that tricyclic antidepressant use, history
of fracture at or after age 50, inability to complete
a narrow walk trial, falls in previous year, age >80
years, depressed mood, and decreased total hip
BMD were independent predictors of non-spine
fractures in men over 65 years old.” The same study
disclosed hormonal pathways in bone loss mecha-
nisms, supporting the hypothesis that the associa-
tion between weight loss and bone loss at the hip
in older men is magnified by sex steroid insuffi-
ciency, namely low baseline estradiol, higher base-
line sex hormone-binding globulin and greater de-
cline in testosterone.®

The process of age-related bone loss is also a
subject of current interest. A recent study of the
longitudinal changes in bone mass in elderly men
indicated that forearm areal bone mineral density
was determined by the net loss in bone mineral
content that occurs with advancing age. Forearm
bone loss was determined by endosteal bone loss,
rather than periosteal apposition, which remained
constant.’

At a populational level, however, there is a rela-
tive lack of comprehensive information on the dis-
tribution of bone mineral density and on the deter-
minants of male osteoporosis, compared to the
worldwide extensive data available on women.
Additionally, and probably as a consequence of
that, a recent study on osteoporosis treatment in
men suggested that there is under-ascertainment
and under-treatment of osteoporosis and modifia-
ble secondary causes in older men with fractures.!

Therefore, the purpose of this study was to esti-
mate the prevalence of osteoporosis in the forearm
and to identify the factors associated with bone mi-
neral density in Portuguese men.

Participants and Methods

A cross-sectional study was conducted in a non-

-random sample of male volunteers, recruited du-
ring general practice routine visits in different re-
gions of Portugal. Eligible participants were all men
who voluntarily approached the research team at
the primary care centre in order to undergo bone
densitometry. Evaluations were equally distributed
throughout one calendar year. The research team
provided an explanation about the objectives and
methods of the planned assessment and invited
volunteers to undergo a forearm bone mineral
density measurement and a short questionnaire. In
the present study we used data from 821 Caucasian
community-dwelling men (age 20-99 years), who
accepted to participate in the study by giving oral
informed consent. Participants were not selected
according to their health status, and no informa-
tion was systematically collected on osteoporosis
or fragility fracture history. However, those presen-
ting chronic metabolic or degenerative diseases
(such as cancer, type 1 diabetes or renal failure), or
using drugs that are known to influence bone me-
tabolism (glucocorticoids, diuretics) were exclu-
ded from the present analysis. According to these
criteria we excluded 82 subjects. We used data from
the remaining 739 apparently healthy men aged
20-82 years. No information on non-participants
was collected.

Bone mineral density (BMD) was measured in
the non-dominant distal forearm, using one-third
radius as region of interest, by single X-ray
absorptiometry (Hologic DTX 100). Daily calibra-
tion of the densitometer, subject positioning, soft
tissue correction and routine analysis were con-
ducted using a standard protocol. The coefficient
of variation for repeated measurements of a stan-
dard phantom and for repeated measurements of
the forearm was 1%.

All participants answered a brief questionnaire
applied by trained professionals, comprising in-
formation on demographic, behavioural and clini-
cal characteristics. We recorded age, weight, and
height as self-reported by participants. Body mass
index (BMI) was calculated as weight (kg) / height
(m?) and categorised according to the World Health
Organization classes: normal (<25.0 kg/m?), over-
weight (25.0-29.9 kg/m?) and obese (>29.9 kg/m?).
Additionally, present smoking habits and daily in-
take of alcoholic beverages (only wine and beer
were considered) were inquired. Consumption of
dairy products was evaluated in large categories,
aiming at ordering individuals in three levels of in-
take (none, equivalent to less than or equal to 500
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ml and equivalent to over 500 ml of milk per day)
rather than quantifying precise amounts of cal-
cium. The cut-off used was 500 ml of milk in order
to facilitate interpretation and conversion to
other dairy products amounts. No information was
collected on the use of calcium or vitamin D sup-
plementation. Work physical activity was descri-
bed by participants and classified by the research
team in sedentary or non-sedentary and leisure-
time activity was grouped as low, moderate or in-
tense. As was the case for dairy consumption, three
global broad categories were created by collapsing
these two variables: sedentary — light home or
occupational activity and no leisure time exercise;
moderate activity — either non-sedentary occupa-
tion or regular exercise; intense physical activity-
-non-sedentary work and regular exercise. No in-
formation on socioeconomic status or level of for-
mal education was collected.

The International Society for Clinical Densito-
metry proposes the use of a uniform Caucasian
male normative database for men.!! In order to cal-
culate these reference values we used bone mine-
ral density measurements for male participants of
this study aged 20 to 39 years. Osteoporosis was de-
fined as bone mineral density over 2.5 standard
deviations below the young male reference mean,
according to the cut-off value proposed by the
World Health Organization for women.!?

Results are presented as mean (95% confidence
intervals) or as point prevalence, in percentage.
The association between continuous variables was
assessed using Pearson’s correlation coefficient.
Mean values were compared using Student’s t test
or analysis of covariance, as appropriate. In order
to evaluate risk factors for osteoporosis data were
analysed in a case-control approach. Only partici-
pants with 40 years and older were considered for
this purpose, once younger individuals were used
asreference and thus the prevalence of osteoporo-
sis would be, by definition, almost nil. The magni-
tude of the associations was quantified by estima-
ting crude and adjusted odds ratios using uncon-
ditional logistic regression and corresponding 95%
confidence intervals (Stata, version 9.0).

Results

In our sample, as shown in Table I, crude mean
BMD (95% confidence interval) decreased from
0.556 (0.546-0.566) g/cm? in the 20-39 year-old
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Figure 1. Age and distal forearm bone mineral density in
Portuguese healthy men

group to 0.490 (0.474-0.506) g/cm? for those aged
70 years or more, p<0.001. There was a significant
inverse linear correlation between age and forearm
bone mineral density (r=-0.29, p<0.001, Figure 1).
Additionally, obese men had higher forearm BMD
[0.536 (95%CI: 0.525-0.547) g/ cm?] than overweight
[0.539 (95%CI: 0.534-0.544) g/cm?] and normopon-
deral participants [0.525 (95%CI: 0.518-0.532)
g/cm?], p=0.016. Participants reporting more in-
tense physical activity also had slightly higher
mean BMD values [0.543 (95%CI: 0.534-0.552)
g/cm?] than those reporting moderate physical
activity [0.542 g/cm? (95%CI: 0.536-0.548] and both
had significantly higher BMD values than seden-
tary participants [0.521 g/cm? (95%CI: 0.515-
-0.527], p<0.001. These differences remained sig-
nificant after adjusting for age, BMI or both, as ap-
propriate (Table I). We found no significant diffe-
rences in crude or adjusted mean BMD according
to present intake of alcoholic beverages, consump-
tion of dairy products or smoking habits.

The overall prevalence of osteoporosis in sub-
jects aged over 39 was 4.3% and increased from
1.9% at 40-49 years to 18.6% after 70 years
(p<0.001). The odds of osteoporosis increased
significantly with age, mainly after 60 years-old
[(ORsp.50 (95%CI): 1.48 (0.43-5.14)], ORgg.69 (95%CI):
4.20 (1.29-13.68), OR.s (95%CI): 11.74 (3.58-
-38.48). On the contrary, the condition was less fre-
quent in overweight participants [(ORgierweignt
(95%CI): 0.32 (0.14-0.72)], but not clearly so in obe-
se men (OR,ee (95%CI): 0.38 (0.11-1.30)). These
associations remained significant after adjustment
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Table I. Crude and adjusted mean (95% confidence intervals) distal forearm bone mineral density
(BMD, g/cm?) in healthy Portuguese men.
Crude mean Adjusted mean
n BMD 95% CI BMD#* 95% CI
Age (years)
20-39 90 0.556 0.546-0.566 0.558 0.547-0.569
40-49 209 0.544 0.537-0.550 0.545 0.537-0.552
50-59 249 0.534 0.528-0.540 0.534 0.527-0.541
60-69 132 0519 0.509-0.529 0.520 0.511-0.529
=70 59 0.490 0.474-0.506 0.491 0.477-0.504
P <0.001 <0.001
BMI (kg/m?)
<24.9 281 0.525 0.518-0.532 0.520 0.514-0.526
25.0-29.9 363 0.539 0.534-0.544 0.534 0.528-0.540
>30.0 95 0.536 0.525-0.547 0.535 0.524-0.546
P 0.016 0.010
Smoking
No 389 0.532 0.527-0.537 0.529 0.523-0.535
<20 cig/day 133 0.540 0.530-0.550 0.532 0.522-0.542
>20 cig/day 82 0.542 0.530-0.553 0.533 0.521-0.545
Ex-smoker 135 0.525 0.515-0.535 0.527 0.518-0.536
P 0.091 0.770
Alcoholic beverages (ml/day)
0 205 0.528 0.520-0.536 0.526 0.518-0.534
<500 425 0.536 0.531-0.541 0.532 0.526-0.538
500-1000 99 0.534 0.523-0.545 0.530 0.519-0.541
>1000 10 0.503 0.456-0.549 0.511 0.474-0.548
P 0.362 0.346
Dairy products (measured as ml
of milk per day)
0 158 0.528 0.520-0.536 0.527 0.518-0.536
<500 500 0.534 0.529-0.539 0.529 0.523-0.535
>500 8l 0.539 0.525-0.553 0.536 0.524-0.548
P 0.264 0.478
Physical Activity
sedentary 322 0.521 0.515-0.527 0.523 0.517-0.529
moderate 264 0.542 0.536-0.548 0.537 0.530-0.544
Intense 153 0.543 0.534-0.552 0.535 0.526-0.544
P <0.001 0.003
*Adjusted for age, BMI and physical activity, as appropriate, using analysis of covariance
Cl — confidence interval
for all covariates (present intake of alcoholic beve- Discussion

rages, consumption of dairy products, smoking ha-
bits, and physical activity). Alcohol consumption
and dairy products intake were not associated with
osteoporosis. The significance of the association of
physical activity with bone mineral density was
lost when considering osteoporosis as the outco-
me (Table II).

In the present investigation, using a convenience
sample of healthy Portuguese men, we found that
bone mineral density decreased with advancing
age, and we observed a significant protective effect
of body mass index and physical activity. The 4.3%
prevalence of male forearm osteoporosis was simi-
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Table 1. Factors associated with osteoporosis in Portuguese healthy males.

n (%)* OR (95% CI) Adjusted OR (95% CIl)**

Age (years)

40-49 209 (1.9) (oo (oo

50-59 249 (2.8) 1.48 (0.43-5.14) 1.58 (0.45-5.60)

60-69 132 (7.6) 4.20 (1.29-13.68) 3.99 (1.14-13.94)

=70 59 (18.6) | 11.74 (3.58-38.48) 11.79 (3.17-43.81)
BMI (kg/m?)

<24.9 241 (8.3) (looo (oo

25.0-29.9 318 (2.8) 0.32 (0.14-0.72) 0.32 (0.14-0.74)

>30.0 90 (3.3) 0.38 (0.11-1.30) 0.29 (0.08-1.14)
Smoking

No 347 (3.7) oo (oo

Ex-smoker 110 (4.5) 2.42 (1.05-5.54) 1.54 (0.48-4.91)

<20 cigarettes/day 64 (4.7) 1.22 (0.43-3.51) 1.62 (0.41-6.46)

>20 cigarettes/day 128 (8.6) 1.26 (0.35-4.57) 2.28 (0.93-5.63)
Alcoholic beverages (ml/day)

0 171 (8.2) (oo (oo

<500 374 (2.9) 0.36 (0.15-0.76) 0.39 (0.16-0.92)

500-1000 95 (5.3) 0.62 (0.22-1.79) 1.96 (0.30-12.74)

>1000 9(22.2) | 3.20 (0.61-16.9)
Dairy products (measured as ml of milk per day)

0 148 (6.1) (oo (oo

<500 437 (4.3) 0.70 (0.31-1.59) 1.01 (0.41-2.50)

>500 64 (6.3) 1.03 (0.30-3.47) 0.97 (0.26-3.66)
Physical Activity

sedentary 288 (6.6) | ok | ok

moderate 236 (3.4) 0.50 (0.21-1.16) 0.84 (0.33-2.11)

intense 125 (4.0) 0.59 (0.22-1.62) 1.21 (0.38-3.79)

*Number of participants and proportion with osteoporosis (T-score<-2.5), using as reference population men aged 20 to 39 years-old in the present sample
**Qdds Ratio (OR) and 95% confidence intervals (Cl), adjusted for all variables present in the table, using unconditional logistic regression

*FkReference class

lar to the 3-6% estimate after the third National
Health and Nutrition Examination Survey, in the
United States,' and to the 4.8% prevalence found
in a Canadian population,' both also based on
male cut-offs.

However, when considering recent estimates of
forearm osteoporosis, the prevalence among Por-
tuguese men was lower than the 13.6% estimate in
the MINOS cohort' and than the 8.1% prevalence
found in Spain.!® Although the observed disparity
between these two geographically close popula-
tions may reflect true differences, the non-proba-
bilistic sampling method used in the present study
limits our external validity. It is likely that our study
is affected by some degree of selection bias, since
the studied sample was composed of men who

were recruited during their visits to the general
practitioner. These participants probably differ
systematically from those we would not be able to
reach using this sampling method, namely regar-
ding socioeconomic characteristics.!” Additional-
ly, we did not collect information on non-partici-
pation, not allowing for an estimation of the mag-
nitude of a predictable selection bias. Therefore,
our study design impairs a possible extrapolation
to the Portuguese general male population, limi-
ting the possibility of inference regarding the po-
pulational burden of disease. An additional me-
thodological constraint of this study, which pre-
sents inherent additional validity and precision
limitations, is the choice of self-reported informa-
tion (height, weight) and concise instruments (dai-
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ry products consumption, physical activity) in or-
der to classify individuals according to the covaria-
tes levels.

Osteoporosis is less common in men than in
women and has been associated with biomarkers,
drugs and behaviours that interfere with bone
mass such as serum estradiol, high-dose glucocor-
ticoids, excessive alcohol intake or smoking.®!#2!
However, as shown in this study, low bone density
is also an important problem in men in the absen-
ce of such medical situations.

It is unknown how far the decline in BMD is an
inevitable part of the ageing process and how
great the potential is for prevention. There are pro-
blems in drawing conclusions about changes in
bone density or its relation with different exposu-
res from cross-sectional data, mainly because pe-
riod and cohort effects are difficult to separate from
age influence. In our sample, as found by others,
there was a significant age-associated decrease in
mean BMD and a marked increased in the risk of
osteoporosis, independently of BMI or physical
activity. The age-related declines in male testoste-
rone, androgens, growth hormone, and insulin-
-like growth factor 1 may lead to reduced bone for-
mation and to bone loss? and contribute to ex-
plain this finding. A longitudinal study of bone loss
at the forearm in French men in a similar age ran-
ge indicated a higher correlation value of -0.40
compared to -0.29 in the present study.' However,
this association is not generalizable to other ana-
tomical sites: in the MrOS study each 5-year in-
crease in age was associated with 2.6% lower femo-
ral neck BMD, but 7% higher spine BMD, a diffe-
rence which was attenuated by adjustment to body
weight.

Body mass index and self-reported physical acti-
vity also presented an effect on BMD independent
of age and it is possible to conclude that measures
leading to modifications in lifestyle factors might
at least partly prevent the age effect. The relation
between BMI and bone density deserves a special
interest because the adverse effects of overweight,
namely on cardiovascular mortality, need to be ba-
lanced with the cross-sectional protective effect
that obesity seems to present against osteoporosis,
both in men and women.?* Recently a specific ef-
fect of weight on hip bone mineral density has been
found in MrOS: an increase of 11.5 kg was associa-
ted with 3% greater age-adjusted femoral neck
BMD but no such association was found for lum-
bar spine.?

Though we found an increase in BMD with le-
vel of exercise, no dose-effect relation was present,
and there was no significant effect of physical acti-
vity on osteoporosis (men who reported intense
physical activity presented a slightly increased risk
after adjustment for confounders). These different
results can merely reflect the fact that, from a sta-
tistical point of view, continuous variables may
provide more information but may be explained by
misclassification error, as physical activity was as-
sessed just according to type of job and leisure time
activities, regardless of the duration and the fre-
quency of exercise. The differences between our
extreme classes cannot be regarded as representing
extremes of exercise but only the normal range of
activity likely to be found in daily living. Moreover,
the effect of physical activity on bone dynamics
has been considered difficult to assess,* and a pre-
vious cross-sectional study showed no impact of
recreational activity on bone mineral density in
middle-aged men.?® Although vigorous physical
activity has been shown to decrease the risk of hip
fracture?”, the European Prospective Osteoporosis
Study found no association between the occurren-
ce of vertebral fractures and either current daily
activity, or lifelong physical activity undertaken at
work and home.’ Nevertheless, and possibly more
relevant than the prevention bone loss, the role of
exercise in decreasing fracture risk may be attribu-
table to improvements in muscular strength and
coordination.? This hypothesis has been confir-
med in the United States, where velocity in accom-
plishing a physical assignment, balance, and grip
strength were associated with BMD.*

The role of other lifestyle factors in bone loss
and in the risk of osteoporosis remains also un-
clear. Previous investigations showed conflicting
results regarding the effect of milk consumption in
preventing osteoporosis. Calcium consumption
through food seems to have a modest effect on
male bone mineral density at the hip but not at the
spine and calcium supplementation may have no
effect at all.”? A recent meta-analysis of prospecti-
ve cohort studies showed that self-reported low
milk intake was not associated with increased frac-
ture risk, both in men and women.?® As was the
case with our questionnaire, most studies assess
short-term milk consumption or calcium intake
and relate it to present BMD, mainly to avoid re-
call bias. The effect of diet on bone metabolism is
different according to age and especially impor-
tant during peak bone mass attainment,* and
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knowledge about distant past consumption would
provide different clues for understanding the pro-
cess of osteoporosis.

The effect of chronic alcohol consumption on
bone mass in the absence of liver disease is not
clear. We found no significant differences in mean
BMD or osteoporosis prevalence according to pre-
sent intake of alcoholic beverages. However, a non-
-significant lower BMD and an expected higher
risk of osteoporosis were found for heavy drinkers
but the number of exposed subjects was too small
to infer any real adverse effect. A pooled analysis
of data from three large cohort studies confirmed
that high alcohol intakes conferred a significantly
increased fracture risk, independently of bone mi-
neral density. Additionally, the same study sugges-
ted a threshold effect of two units of alcohol per
day, above which risk significantly increased.®!
Other studies have suggested an apparent protec-
tive effect of moderate alcohol intakes, probably
because abstainers may have higher risk than light
drinkers.?32

Cigarette smoking has been shown to modestly
increase the risk of fracture in both sexes® but has
also shown no effect in hip or spine bone mineral
density.?® In males, we also observed that never
smokers presented the lowest prevalence of oste-
oporosis but ex-smokers presented the highest risk
of disease, independently of the effect of age, BMI,
physical activity, milk or ethanol consumption.
Among ever smokers we found no significant dif-
ferences between age of beginning of the beha-
viour (data not shown) but no information is avai-
lable regarding the number of cigarettes smoked by
ex-smokers. It is difficult to explain why ex-smo-
kers presented the highest risk of osteoporosis but
a cohort effect cannot be ruled out. Male smoking
prevalence is decreasing in our society* and
marked social and sanitary changes have taken
place, making it possible to speculate that these
men were more adversely exposed in the suscep-
tible period of peak bone mass attainment.

The usefulness of ayoung male reference popu-
lation in the calculation of male T-scores is not con-
sensual. In fact, female cut-offs may be of greater
value when the aim is to predict fracture risk in
both genders, since they reflect a more conserva-
tive estimate. In the present study, we intended to
investigate the association between anthropome-
tric and behavioural characteristics and bone mi-
neral density in men, essentially using an aetiolo-
gical approach, rather than the prediction of frac-

ture risk. Morbidity, mortality, and the associated
costs of osteoporotic fractures are well recognised
in women, but not as well documented in men. As
observed in women, this study showed that age
and body mass index were independently associa-
ted with bone mineral density and osteoporosis in
men and play a significant role in the occurrence
of osteoporosis in the Portuguese male healthy po-
pulation.
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